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(54) PRODUCTION OF GLASS FIBER AND ITS DEVICE 

(57)Abstract: 

PURPOSE: To provide a method for producing a glass fiber capable of surely 
and easily obtaining a glass fiber having a type in which its width changes 
according to its measuring direction by drawing the line while adjusting 
distortion generated on the glass fiber based on the distortion information 
obtained during the production of the glass fiber. 
CONSTITUTION: This glass fiber having the cross sections of 
approximately the same shape along its longitudinal direction and its width 
changing according to the measuring direction measured from approximately 
vertical direction to its longitudinal direction, is obtained by drawing with 
heating and melting a rod shaped glass base material 10 having its width 
changing according to the measuring direction measured in approximately the 
vertical direction to its axial direction. And, during its drawing, the width of 
the glass fiber transferring in its longitudinal direction is measured by outer 
diameter measuring devices 20 and 22 to obtain the distortion information of 
the glass fiber based on the change of these values. Then, based on this 
distortion information, the distortion in the glass fiber is adjusted by a 
regulating device 24. As a specific method for adjusting, it is suitable to 
adjust the rotating speed and direction of the glass base material 10, the 
rocking speed of guiding rollers 40, 42, 44, etc. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the glass fiber which is characterized by providing the following and which has the cross section of an abbreviation 
same configuration along with a longitudinal direction -- it is -- a longitudinal direction and abbreviation - the method of 
manufacturing that from which the width of face measured changes according to the measurement direction from a perpendicular 
direction The 1st process which carries out wire drawing of the melting glass. The 2nd process which measures the width of face 
of the aforementioned glass fiber which moves to a longitudinal direction, and searches for the torsion information on the 
aforementioned glass fiber based on change of measured value during this wire drawing, and the 3rd process which adjusts 
torsion of the aforementioned glass fiber based on this torsion information. 

[Claim 2] a glass base material with the 1st pillar-shaped process of the above - it is -- shaft orientations and abbreviation -- the 
manufacture method of the glass fiber according to claim 1 characterized by to be the process which carries out heating fusion and 1 
carries out wire drawing of that from which the width of face measured from a perpendicular direction changes according to the 
measurement direction, and for the 3rd process of the above to be the process which rotates the aforementioned glass base 
material around the shaft with the rotational speed and the hand of cut according to the aforementioned torsion information 
[Claim 3] The 3rd process of the above is the manufacture method of the glass fiber according to claim 1 characterized by being 
the process which makes a guide idler rock at the rocking speed according to the aforementioned torsion information while 
guiding a glass fiber by the guide idler which has and rocks the roller side in contact with a glass fiber. 
[Claim 4] the longitudinal direction characterized by providing the following -- meeting - the cross section of an abbreviation 
same configuration - having -- a longitudinal direction and abbreviation - the equipment which manufactures the glass fiber 
from which the width of face measured changes according to the measurement direction from a perpendicular direction by wire 
drawing of melting glass The heating means which carries out heating fusion of the pillar-shaped glass base material. A 
measurement means to measure the width of face of the glass fiber which wire drawing is earned out from the aforementioned 
glass base material, and is moving to the longitudinal direction. A torsion grant means to make the aforementioned glass fiber 
produce torsion. The control means which search for the torsion information on a glass fiber based on change of the measured 
value outputted from the aforementioned measurement means, and control the aforementioned torsion grant means based on this 
torsion information, and the rolling-up means which rolls round the glass fiber measured by the aforementioned measurement 
means. 

[Claim 5] It is the manufacturing installation of the glass fiber according to claim 4 which the aforementioned measurement 
means measures the width of face of the aforementioned glass fiber the 1st and 2nd from measurement, and is characterized by the 
aforementioned control means asking for the amount of torsion and the direction of torsion of the aforementioned glass fiber by 
comparing change of the measured value measured from [ aforementioned / each ] measurement. 

[Claim 6] It is the manufacturing installation of the glass fiber according to claim 4 characterized by for the aforementioned 
torsion grant means being a base material rotation means to rotate the aforementioned glass base material around the shaft, and 
the aforementioned control means rotating the aforementioned glass base material by controlling this base material rotation means 
with the rotational speed and the hand of cut according to the aforementioned torsion information. 
[Claim 7] The aforementioned torsion grant means is the manufacturing installation of the glass fiber according to claim 4 
characterized by making the aforementioned control means rock at this guide idler to be guide idler which has and rocks roller 
side in contact with glass fiber, and corresponding to aforementioned torsion information rocking-speed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the technology of manufacturing glass fibers, such as an optical fiber, while 

adjusting the torsion. 

[0002] 

[Description of the Prior Art] As one of the glass fibers, the piane-of-polarization preservation optical fiber is known from the 
former. This optical fiber may be used in the state where it wound around the minor diameter reel, as one of the parts for optical 
fiber type gyroscopes. Degradation of the polarization property in a coil state can be prevented by winding, where a birefringence 
main shaft is arranged in that case. As an example of this kind of optical fiber, there is a thing of a cross-section non-circle 
configuration as shown in JP,60- 1 08807,A. This enables it to distinguish the direction of a birefringence main shaft from 
appearance by considering as a cross-section non-circle configuration, is arranging uniformly the relation between the direction of 
bending of an optical fiber, and a birefringence main shaft, and rolling it, and prevents degradation of the polarization property 
generated by bending etc. Such an optical fiber nises the base material for optical fibers of a cross-section non-circle 
configuration within a heating furnace, carries out wire drawing and is manufactured by passing resin coating equipment and 
rolling round the optical fiber of the obtained nakedness in a bobbin through a guide idler etc. 

[0003] When the direction the optical fiber by which wire drawing of the place was carried out to the axis of rotation of the guide 
idler directly under a heating furnace runs is not perpendicular, it joins the optical fiber which torque which twists an optical fiber 
around the shaft is manufacturing. Thereby, torsion of the circumference of a shaft will arise in an optical fiber. In this case, it 
becomes very difficult to wind in the shape of a coil, where the rate main shaft of a birefringence is arranged as mentioned above, 
and the effect which made the cross section the non-circle configuration will fully be demonstrated. 

[0004] On the other hand, as shown in a British patent GB2101762A official report or JP,6-17 1970 ,A, the base material for 
optical fibers is rotated, or by making the guide idler of a manufacturing installation rock, torsion is intentionally added to an 
optical fiber and the method of reducing the polarization mode dispersion is also learned from the former. However, when neither 
the case where torsion arises to the direction and opposite direction which were meant, nor sufficient amount of torsion is 
obtained, an original effect will fully be demonstrated. 

[0005] Therefore, the technology of measuring torsion added in the case of glass fiber manufacture, adjusting the amount and 
direction of torsion based on a measurement result, and manufacturing a glass fiber is important. 

[0006] Since it asks for the data of the amount of torsion, or the direction of torsion and a manufacturing facility is conventionally 
adjusted based on this data when a glass fiber is inspected after the completion of manufacture and torsion is discovered, 
manufacture of a glass fiber is redone. Inspection of a glass fiber is conducted by measurement of an optical property, and 
observation of the geometric structure of the glass fiber under a microscope. 
[0007] 

[Problern(s) to be Solved by the Invention] However, by the conventional method, in order for after manufacture of a glass fiber to 
measure torsion, when torsion was discovered, the glass fiber manufactured till then became useless, and had become the factor 
which reduces the manufacture yield. Moreover, it was not necessarily easy to have to repeat manufacture repeatedly, by the time 
it obtains a desired glass fiber, and to obtain a desired glass fiber. 

[0008] this invention was made in view of the above, and aims at offering the method and equipment which can manufacture a 

desired glass fiber certainly and easily. 

[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, the manufacture method of the glass fiber of this 
invention the glass fiber which has the cross section of an abbreviation same configuration along with a longitudinal direction — it 
is — a longitudinal direction and abbreviation - the width of face measured from a perpendicular direction being the method of 
manufacturing what changes according to the measurement direction, and with the 1 st process which carries out wire drawing of 
the melting glass The width of face of the glass fiber which moves to a longitudinal direction was measured during wire drawing, 
and it has the 2nd process which searches for the torsion information on a glass fiber based on change of measured value, and the 
3rd process which adjusts torsion of a glass fiber based on this torsion information. 

[0010] a glass base material with the 1st pillar-shaped process - it is — shaft orientations and abbreviation -- it may be the 
process which carries out heating fiision and carries out wire drawing of that from which the width of face measured changes 
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accordingtomemeasu— ^^^^^ 

base material around the shaft with the ^^^^^^ Crocking speed acceding to aors.cn 
[001 1] Moreover, the 3rd process may be a process jjuchmjte a gm ^ ^ ^ fiber 

nformation while guiding a glass fiber by the gui ie idle r which has an ^ ^ rf ^ abbreviatl0n ^ 

[0012] Next, the manufacturing instal lajon ^^"^J^ md abbreviate - the width of face measured from a 
onfiguration along with a longitudinal ^^^^^^ fiber which changes according to the measurement 
perpendicular direction being equipment which manufactu material Wlth me heating means which cames out 
direction by wire drawing of melting glass, and a P^^^f^ lass flber wh ich wire drawing is carried out from a 

mils round die glass fiber measured by the measurement means. of torsion and the direction 

00l5 The mifactunng installation means measures the width of face 

of torsion of a glass fiber by comparing chm ^ e ^^^ ns J ere measured from [ this / each ] measurement 
of a glass fiber the 1 st and 2nd from measurement, nd means t0 rotate a glass base material around he shaft, 

r00141 Moreover, a torsion grant means may be a base rotate a glass base material w.th the rotational 

Z the manufacturmg installation of this mention may be J-^ ° ^roUhis base materia! rotation means, 
speed and the hand of cut according to ^.^^^^l guide idler to which a torsion gi ant means has and 

guide idler rock at the rocking speed according to information. 



guide idler rocK ai uic iu^iu 6 ^ - 

S « «xi» » on the oto "^.^"^SirSS^S" of wi*h of fa<* c„ m sp»nds to ,orsio„ o, , 
meawedvalueofwidthoftacha„g eS .«^ 

manufactured certainly and easily. orientations and abbreviation -- the glass fiber which has the 

[0018] a pillar-shaped glass base material - it 15 " ^ ^™ sgction configuration of abbreviation similarity when the 
cross- seclion configuration of this glass base material and A cross sect g tQ ^ ement 

width of face measured from a 2Tfiber from which the width of face measured changes 

direction, i.e., a longitudinal direction, ^ J^^Sca is obtained If a glass base material is fated ground the 

the direction of torsion can be adjusted h lass fib since a glass fiber will rotate on a 

[001 9] Moreover, if a guide idler is made to if ft maintains leaning a gnide idler the degree of 

oiler side, torsion is given based on the tors.on information searched tor at the 

simultaneously fixed angle. If me roc^ 

2nd process, the amount of torsion and ^ J JJ^ b mis ^ ention contro l means are twisted it is 

[0020] Next, since according to the ^^^^^^^^ during wire drawing even when torsion ol the 
Listed based on information, a grant means ; is > confroUed and tor on « adju fiber to which desired torsion was given, and 

gLs fiber at the time of a wire-drawing start ^^^^™«d£ ca n be manufactured certainly and easily, 
desired glass fibers, such as a glass fiber which does not have , toraonc y, rf g ^ from ement; me 

[0021] When a measurement means is what measuies [ the ^ ^ 2n ^ means respec tively. If time change of two measured 
SeasLvalueme^d^ 

I^ZIZ of a glass fiber accurately based on these ;^r— ^ ^ among me manufac tunn g installations of 
[0022] In the thing which control means make JJiSSSL", glass base material according to rotation of a glass 
L invention on the glass fiber by which ^^^^^ of J { of a glass base material for the amount and 
base material. Although it depends on the '^^^^^ are twisted and the rotational speed and the hand of 
direction of torsion which are produced on a 8^.^*™* ™ duced on a glass fiber is adjusted appropriately, 
cut of a glass base material are adjusted ^^^^^^^ inflations of this invention, since a glass 
[0023] Moreover, in what is equipped with a guide idler among 
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fiber will be rolled round rotating on a roller side and will be sent to a means if a guide idler is made to rock, torsion is given to 
the glass fiber by which wire drawing is carried out from the glass base material. Moreover, fixed torsion will be given if it 
maintains leaning a guide idler the degree of simultaneously fixed angle. Since control means are twisted and rocking of a guide 
idler is adjusted based on information, torsion given to a glass fiber is adjusted appropriately. 
[0024] 

[Example] Hereafter, the example of this invention is explained in detail, referring to an accompanying drawing. In addition, in 
explanation of a drawing, the same sign is given to the same element, and the overlapping explanation is omitted. Moreover, the 
rate of a proportion of a drawing is not necessarily in agreement with the thing of explanation. 

[0025] In example 1 this example, a cross section manufactures an elliptical optical fiber as a glass fiber. Drawing 1 is the whole 
block diagram showing the manufacturing installation of the glass fiber of this example. This manufacturing installation was 
rolled round in a motor 12, a heating furnace 14, the outer-diameter measuring instruments 20 and 22, a control unit 24, guide 
idlers 40, 42, and 44, and the list, was equipped with the bobbin 50, and is further equipped with the coating dies 30 and 34 and 
theUV lamps 32 and 36. 

[0026] Moreover, drawing 2 (a) - (d) is drawing showing the glass base material 1 0 and the cross-section configuration of an 
optical fiber by which wire drawing was carried out, and the cross section with which drawing 2 (a) met the A- A' line of drawing 
1 , the cross section with which drawing 2 (b) met the B-B' line, the cross section with which drawing 2 (c) met the C-C line, and 
drawing 2 (d) are the cross sections which met the D-D' line. 

[0027] The glass base material 10 is carrying out structure in which clad surrounded the side peripheral surface of a core, and as 
shown in drawing 2 (a), it has the elliptical cross section. The length of a major axis is 25mm and the length of a minor axis is 
15mm. Such a glass base material can prepare the base material for optical fibers of the shape of an approximate circle pillar 
produced by general processes, such as the OVD method, the MCVD method, and the rod in tube method, and can produce it by 
carrying out the grinding of the side of the clad mechanically. 

[0028] A motor 1 2 rotates the glass base material 1 0 around the shaft. The rotational speed and the hand of cut of a motor 1 2 are 
controlled by the control unit 24. 

[0029] A heating furnace 14 heats and fuses the nose of cam of the glass base material 10. The outer-diameter measuring 
instrument 20 arranged under the heating furnace 14 measures the width of face of the optical fiber which is an abbreviation 
perpendicular and which was seen from ** (it is hereafter called the "measurement direction".) on the other hand to the 
longitudinal direction of an optical fiber by the ellipsometric method using helium-Ne laser. The value measured is equal to the 
width of face of the projection of an optical fiber expressed to a flat surface perpendicular to the measurement direction. The 
above point is the same also about the outer-diameter measuring instrument 22 installed under the outer-diameter measuring 
instrument 20. The measurement data of the outer-diameter measuring instruments 20 and 22 is sent out to a control unit 24. 
[0030] A control unit 24 searches for the torsion information on an optical fiber based on the measurement data of the 
outer-diameter measuring instruments 20 and 22, and controls rotation of a motor 12 based on this torsion information. 
[003 1 ] The coating dies 30 and 34 cover the ultraviolet-rays hardening type resin (U V resin) of a liquid on an optical fiber front 
face, and the UV lamps 32 and 36 irradiate ultraviolet rays, and solidify UV resin quickly. 

[0032] The rolling-up bobbin 50 rolls round the optical fiber by which wire drawing was carried out from the glass base material 
at high speed. Guide idlers 40, 42, and 44 guide the optical fiber which rolls each round and moves toward a bobbin 50, and the 
optical fiber touches the roller side. 

[0033] Next, the manufacture method of the glass fiber using the equipment of drawing 1 is explained. In this example, heating 
fusion of the glass base material 1 0 is carried out at the temperature of about 2000 degrees C with a heating furnace 1 4, wire 
drawing is performed by part for lOOm/in wire-drawing speed, and an optical fiber is manufactured. The cross section of the 
optical fiber by which wire drawing was carried out serves as the cross section of the glass base material 10, and elliptical [ of 
almost similarity ], as shown in drawing 2 (b). The length of about 125 micrometers and a minor axis of the length of a major axis 
is about 75 micrometers. 

[0034] the optical fiber by which wire drawing was carried out — a longitudinal direction - meeting - moving - the 
outer-diameter measuring instruments 20 and 22 - a longitudinal direction - abbreviation - width of face is measured from a 
perpendicular direction 

[0035] Next, UV resin of a liquid is covered with the coating die 30 by the optical fiber, and this U V resin is solidified by 
ultraviolet radiation irradiation of the UV lamp 32. Primary covering is given to a naked optical fiber by this, and the cross section 
of an optical fiber comes to be shown to drawing 2 (c). Since the resin covered with the coating die 30 by the optical fiber is a 
liquid, the cross section of the optical fiber after covering becomes a round shape mostly with the surface tension of a resin. 
[0036] Then, secondary covering by UV resin is given to an optical fiber with the coating die 34 and the U V lamp 36. Thereby, 
the cross section of an optical fiber serves as a round shape with a diameter of about 250 micrometers, as shown in drawing 2 (d). 

[0037] The optical fiber covered secondarily is rolled round through guide idlers 40, 42, and 44, and is rolled round with a 
bobbin 50. 

[0038] Generally, at the wire-drawing process of a glass fiber, torsion may arise on a glass fiber. For example, in the 
manufacturing installation of drawing 1 , the case where the axis of rotation of a guide idler 40 does not have the move direction 
and perpendicular of an optical fiber according to the error of arrangement of a guide idler 40 may arise. In this case, an optical 
fiber will be rolled round rolling on the roller side of a guide idler 40, and will be sent to a bobbin 50 side. Thereby, torque which 
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twists an optical fiber around the shaft joins an optical fiber. 

[0039] Since the front face has hardened the optical fiber after UV resin was covered, most torsion is not given. Therefore, as 
shown in drawing 1 , torsion occurs in a comparatively soft state until the optical fiber by which wire drawing was carried out 
from the glass base material 10 passes the outer-diameter measuring instruments 20 and 22 and results in the coating die 30. 
[0040] The manufacturing installation of this example measures torsion of an optical fiber using the outer-diameter measuring 
instruments 20 and 22, and manufactures the optical fiber which an optical fiber without torsion or desired torsion produced by 
from which it was obtained ] being twisted and rotating the glass base material 10 appropriately based on information, 
[0041] The measuring method of torsion by the outer-diameter measuring instruments 20 and 22 is explained, the outer-diameter 
measuring instruments 20 and 22 - respectively - the width of face of an optical fiber -- a longitudinal direction and abbreviation 

it has measured continuously from a perpendicular direction and the data of the measured value by each measuring instrument 
are sent out to a control unit 24, respectively The optical fiber has the elliptical cross section, as the torsion generating section is 
shown in drawing 2 (b), and the width of face changes according to the direction to measure. Therefore, when torsion has arisen 
in the optical fiber, the measured value of the width of face by the outer-diameter measuring instruments 20 and 22 changes in 
time according to torsion. A control unit 24 searches for the information about torsion of an optical fiber by comparing time 
change of two measured value. 

[00421 Drawing 3 is drawing showing the relation between the sense of an optical fiber, and the measurement direction of the 
outer-diameter measuring instruments 20 and 22. In drawing 3 , the arrows 62 and 65 of a solid line are the measurement 
directions of the outer-diameter measuring instruments 20 and 22, respectively. The sign 60 shows the dotted line perpendicular 
to the measurement direction 62 through the center of the ellipse 68 which is the cross section of an optical fiber. Moreover, a 
dotted line 61 is the major axis of an ellipse 68. The angle theta which a dotted line 60 and a dotted line 61 make can prescribe 
the sense of an ellipse 68. It is parallel to an arrow 62 and the interval Dl of two alternate long and short dash lines 63 and 64 
which touch the periphery of an ellipse 68 is the measured value of the outer-diameter measuring instrument 20. Moreover, it is 
parallel to an arrow 65 and the interval D2 of two alternate long and short dash lines 66 and 67 which touch the periphery of an 
ellipse 68 is the measured value of the outer-diameter measuring instrument 22. 65 is making the angle of the measurement 
directions 62 andphi of two outer-diameter measuring instruments, phi is set as angles other than 90 degree xn (n is an integer). 
[0043] Here, the parameter which specifies torsion of an optical fiber is explained. When the arbitrary points P0 on the shaft of an 
optical fiber and the point PI on the shaft which only predetermined distance separated from this P0 along with the longitudinal 
direction are considered, the angles theta and PI of an optical fiber cross section perpendicular to a longitudinal direction are 
included including P0, and a difference with the angle theta of an optical fiber cross section perpendicular to a longitudinal 
direction is the "torsion angle" of the optical fiber between P0 and P 1 . When a torsion angle is 360 degrees, the optical fiber will 
rotate one time between P0 and PI . "The amount of torsion" is defined by the torsion angle per unit length of an optical fiber. 
[0044] Below, as shown in drawing 1 , the interval of the fiber longitudinal direction of the outer-diameter measuring instruments 
20 and 22 is expressed with L, and v expresses the wire-drawing speed of an optical fiber. Specifically, the interval L of the 
outer-diameter measuring instruments 20 and 22 shows the interval of the irradiation position of each inspection laser beam of the 
outer-diameter measuring instruments 20 and 22. 

[0045] As arranging two outer-diameter measuring instruments in the same position is physically shown in eye an impossible 
hatchet and drawing I , the outer-diameter measuring instruments 20 and 22 are arranged in a different position (different height) 
along with a longitudinal direction. For this reason, a difference arises at the time measured by the outer-diameter measuring 
instrument whose width of face of one place with an optical fiber is two. this time difference - an amendment -- time change of 
measured value when the outer-diameter measuring instrument 22 has been arranged at the same height as the outer- diameter 
measuring instrument 20 and measures the width of face of an optical fiber by things can be obtained 

[0046] Since the time difference by which the same part is measured with two outer-diameter measuring instruments is L/v when 
measured value of the width of face detected by each of the outer-diameter measuring instruments 20 and 22 in a certain time t is 
set to Dl (t) and D2 (t), the measured value of width of face in case the outer-diameter measuring instrument 22 has been 
arranged at the same height as the outer-diameter measuring instrument 20 is expressed with D2 (t-L/v). 

[0047] Drawing 4 is a graph which shows time change of the measured value (outer-diameter output value) of the width of face of 
an optical fiber. A solid line is the measured value D2 (t-L/v) of the outer-diameter measuring instrument 22 with which the 
measured value Dl of the outer-diameter measuring instrument 20 (t) and the alternate long and short dash line rectified the 
measured value D2 of the outer-diameter measuring instrument 22 (t), and the dotted line rectified the time difference. 
[0048] As shown in drawing 4 , between Dl (t) and D2 (t-L/v), the phase contrast according to the angle phi which the 
measurement directions 62 and 65 make arises. Since the length of the optical fiber which passes through the irradiation position 
(it is hereafter called a measuring point) of the inspection light of the outer-diameter measuring instrument 20 at unit time is equal 
to v when the amount of torsion of an optical fiber is set to alpha, the torsion angle between the ends of the portion which passes 
the measuring point of the outer-diameter measuring instrument 20 among optical fibers at unit time is expressed with alpha- v. 
This means that the cross section of the optical fiber which passes this flat surface by wire drawing rotates only the angle of 
alpha-v around unit time, when the flat surface (this is equal to the space of drawing 3 .) which intersects perpendicularly with the 
shaft of an optical fiber is considered including the measuring point of the outer-diameter measuring instrument 20. Therefore, the 
phase contrast produced between Dl (t) and D2 (t-L/v) is expressed with phi/( alpha-v). 

[0049] In this example, phi= 45 degrees, it is a part for L= 0.3m and v= 100m/, and is L/v= 0.003-minute = 0.18 seconds. 
Therefore, it is D2(t-L/v) =D2 (t-0. 1 8 seconds). In addition, in case phi and L install the outer-diameter measuring instruments 20 



4 of 7 



3/11/03 3:23 PM 



http://wvvw4.ipdLjpo.go.jp/cgi-bin/tran_web_cgi_ejje 



and 22, it can ask for them. 

[0050] As shown in the graph of Dl (t) of drawing 4 , the measured value of width of face changes from a to b from time t= 0.0 
before time t= 2.2. This means that the angle theta showing the sense of the cross section (ellipse 68 of drawing 3 ) of an optical 
fiber changed to 0 to 90 degrees in connection with torsion of an optical fiber. However, it cannot read whether the direction of 
torsion is a clockwise rotation, or it is a counterclockwise rotation by Dl (t). 

[005 1 ] Then, the graph of D2 (t-0. 1 8 seconds) is referred to. Measured value becomes large gradually from time t= 0.0, and after 
reaching Maximum a, measured value becomes small conversely. If it assumes that torsion has arisen counterclockwise and will 
take that it is theta= 0 into consideration at time t= 0.0, the measured value of width of face should become small gradually from 
time t= 0.0, and should reach the minimum value b so that clearly. Therefore, it turns out that torsion of an optical fiber was seen 
from the direction [ which goes in the measurement directions 62-65 ] 14, i.e., heating furnace, side, and it is generated clockwise. 

[0052] When the above is summarized, while the measured value by the outer-diameter measuring instrument 22 is increasing in 
the time whose measured value of the width of face by the outer-diameter measuring instrument 20 is Maximum a (i.e., when the 
time fine coefficient of measured value is positive), the direction of torsion is seen from a heating furnace 14 side, and is a 
clockwise rotation. On the contrary, when the time fine coefficient of the measured value by the outer-diameter measuring 
instrument 22 is negative, the direction of torsion is seen from a heating furnace side, and is a counterclockwise rotation. 
[0053] moreover since it is phase contrast (phi/( alpha- v)) = 0.11 seconds, if a part for v= 1 OOm/is used phi= 45 degrees from 
drawing 4 - the amount of torsion of an optical fiber - it can be found in alpha = about 245 degrees/[ m and ] 
[0054] Based on the measured-value data of the width of face of an optical fiber sent from the outer-diameter measuring 
instruments 20 and 22, a control unit 24 is twisted by the above-mentioned method, and asks for an amount and the direction of 
torsion. The amount and direction of torsion which the manufactured optical fiber should have are beforehand inputted into the 
control unit 24. It is twisted and compare an amount and the direction of torsion, when [ that both have a difference ] measured 
with this input data, a control unit 24 sends out a control signal to a motor 12, makes a motor drive, and it rotates the glass base 
material 10. By rotating the glass base material 10 with a suitable rotational speed and a suitable hand of cut, the optical fiber 
which a desired amount and torsion of a direction produced will be manufactured. 

[0055] When manufacturing an optical fiber without torsion, torsion and the opposite direction which were measured are made to 
rotate the glass base material 10. Let rotational speed be the speed by which torsion of the same pitch as measured torsion is given 
to an optical fiber. Torsion given to the optical fiber until now is negated by this, and an optical fiber without torsion comes to be 
obtained. 

[0056] Drawing 5 is a graph which shows the result which was twisted about the portion with a length [ of the optical liber by 
which wire drawing was carried out a glass base material's 10 rotation front and after rotation, respectively ] of lm, and measured 
the angle. A dotted line shows the torsion angle before rotation of the glass base material 10, and a solid line shows the torsion 
angle after rotation of the glass base material 10. A torsion angle is seen from a heating furnace 14 side, and has made the 
clockwise rotation positive. 

[0057] Before rotation, it is twisted along with the longitudinal direction of an optical fiber, the angle is increasing it to alignment 
mostly, and it is shown that torsion of the circumference of the shaft has arisen in the optical fiber. On the other hand, after 
rotation is twisted covering a length of lm, the angle is maintained by about 0, and it is shown that torsion has hardly arisen. Thus, 
according to the above-mentioned method, regulation of torsion is performed during manufacture of an optical fiber, and an 
optical fiber without torsion is manufactured easily. 

[0058] Moreover, when manufacturing the optical fiber to which desired torsion was given, torsion by rotation of the glass base 
material 10 can be further given to torsion produced according to the arrangement error of a guide idler, and torsion can be 
adjusted. 

[0059] The direction of torsion saw from the heating furnace 14 side, and was a clockwise rotation, and 1 980 degrees, when the 
amount of torsion put in another way, it tried this invention persons in order to manufacture the optical fiber which torsion of an 
optical fiber which the cross section is rotating 5.5 times per m produced. After being twisted with this direction of torsion and 
inputting an amount into a control unit 24, wire drawing of an optical fiber is started. The direction of torsion of the optical fiber 
produced without rotating the glass base material 10 looked at the control unit 24 from the heating furnace 14 side, and it is a 
clockwise rotation and controlled the motor 12 to rotate the glass base material 10 per minute 300 times clockwise from the result 
which asked for the amount of torsion being 1080 degrees, and inputted it as this torsion information and which was twisted and 
compared information. 

fQ0601 Drawing 6 is drawing showing the result which measured the torsion angle of an optical fiber after rotation of the glass 
base material 10. Torsion was mostly given to homogeneity covering the overall length, as shown by the solid line, the cross 
section was rotating about 5.5 times per m, and the thing of an optical fiber acquired for the optical fiber of an optical fiber which 
desired torsion produced was checked. 

[0061] Next, this invention persons inputted new torsion information into the control unit 24, the direction of torsion looked at 
them from the heating furnace 1 4 side, and are clockwise rotations and tried to manufacture the optical fiber which torsion of an 
optical fiber which the cross section is rotating 0.5 times per m produced. In this case, the control unit 24 controlled the motor 1 2 
to rotate the glass base material 10 per minute 300 times counterclockwise. 

[0062] In this way, similarly the torsion angle of the manufactured optical fiber is shown in drawing 6 . Torsion was mostly given 
to homogeneity covering the overall length, as shown by the dotted line, the cross section was rotating about 0.5 times per m, and 
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^ingofanopticalfib^^ 

Sglass baseLtenal 10 are -4^,^ result of an optical fiber is performed 

appropriately. Since torsion regulation based ° n ; ors ™f n ^™ iven can be obtained easily and certainly. 

dunngwue drawing, the optical liber to ^"^^-^^^L it may have'the cross section of the same 

[0064] In addition, although wire dr awing of the a longitudinal direction to the width of face of the 

configuration, usually a little less than 0.5% oi ^^^ Q ^Zco,s S J\y obtained from the limitation of a 

glass fiber which the thing of the same ^'^^^^^^ to a longitudinal direction. Change by the reasons 

manufacturing technology at all, and is measure ^^^^^^ measuring instruments 20 and 22. Although 

of such manufacture also appears as time change in the output ^ tne change Qf ^ measured value 

discernment is easy since the time change by me rea ons * ^J^J^ isal . 0 i times as many thing as the minimum 

by torsion, if the maximum of the width of face of ^ opted fite to ™rr ^ ^ d ^ more ea t 

value, change of the measured value by ^^^^SS^>^ material 10 WhlCh 18 1 01 ° r ^ 

[0065] If the maximum of width of face carries out of me glass flber which is 1.01 or more times of the 

minimum value, the maximum of width of face can ^<^£^2ri_ 10 £ too high, since the cross-section configuration 

^^^^ 

and maximum is about 1 .67 times the minimum ^^^^^ Q 1S 125 micrometers, the minimum value is 75 

the optical fiber manufactured by wire drawing of this .^^"^J become , , 0 1 or more times. 

micrometers, and maximum is about ^™ ^Xw^^S-^cr manufacturing installation of this example. The 

[0067] Example 2 drawing,? is tfie whole ^J^*^^ J* forme d in the manufacturing installation of this 

motor 12 made to rotate a glass base material 10 1 k Mm ™^ ^ a heating furnace 14 is a rocking guide idler. This ,s a 

example. The guide idler shown with the sign 46 ganged ^ecfiy unto ah S ^ {q ^ 0 fdraw,n B 7 

guide idler which the roller axis of rotation rocks ^nodically on 1 fiat sun P V ^ ^ ^ fomace , 4 Slde 

^068] Drawing 8 is drawing *^ A ^«^**% aJd it also rocks rocking guide-idler 46 sell 

information. , f , example 1 this example also carries out heating fusion of 

[0070] Using the same glass base material ^^^^^Sa he ting furnace 1 4, performs w,re drawing by part 
me glass base material 10 at the temperature of about 2000 1 degrees l wirn g fiber ^ ^ 

for foOm/in wire-drawing speed, and manufactures an opticd fiber Th^K*^ a minor axis the length of a ma.,or axis is 
was canied out serves as an ellipse form whose lengft m ™ ifl is given, and the cross section of an optical fiber 
about 75 micrometers. Then, covering according [an optical fiber J to u B 

serves as a round shape with a diameter of about 250 mic ™ 6 ^ , ki the rocking ^ idler 46 rock at the rate of 
[007 1 ] In this example, wire drawing of an optical ^^^^^J^g^ idler 46, since an optical fiber 
predetermined, and an optical fiber with ^^^^^1^ of the shaft acts on an optical fiber in the torsion 

TOO^^^ 

control un,t 24, and the rocking guide idler 46 is ^ to a ^^^i _ut 24 w_ be twisted by the same method as an 
simultaneously with a wire-drawing start. If wire drawing is started ^comr oi u ^ difference „ m 

example 1, and will ask for an amount and the ^^^^^^SLi 24 sends out a control signal to the 
amount and the direcfionof« 

^Tfibt^^ 

[0073] As mentioned above, although the example of this invention w « e ^J*\ both me lass fiber manufacturing 

^^t^ss^p^ * perpe "* drec " on °" " re 
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amount but to the direction of torsion in the example, it is only sufficient using a single outer-diameter measuring instrument to 
calculate the amount of torsion in many cases. For example, when manufacturing the optical fiber which torsion produced in the 
predetermined direction with the equipment by which the hand of cut of a glass base material is being fixed, according to the 
amount of torsion, only control **** is sufficient in rotational speed, and it is not necessary to control a hand of cut according to 
the direction of torsion. The measured value measured by the outer-diameter measuring insuument shows the periodic change 
corresponding to torsion, it is twisted with the period and the angle has the fixed relation according to the cross-section 
configuration of an optical fiber. For example, in the elliptical case of an example, that measured value changes from length [ of a 
major axis ] a to a again means that a torsion angle is 180 degrees. It is possible for it to be twisted by using this using a single 
outer-diameter measuring instrument, and to calculate an amount. 

[0076] Moreover, although the optical fiber was manufactured as one of the glass fibers in the example, even if it is glass fibers 

other than an optical fiber, it is possible to adjust torsion like an example. 

[0077] 

[Effect of the Invention] As mentioned above, by the manufacture method of the glass fiber of this invention, since wire drawing 
of a glass fiber is performed adjusting torsion which was searched for during manufacture of a glass fiber and which it is twisted 
and is produced on a glass fiber based on information, a desired glass fiber can be manufactured certainly and easily, as explained 
in detail. Thereby, the futility of a glass fiber can also be prevented and the manufacture yield can be raised. 
[0078] Moreover, since according to the manufacturing installation of the glass fiber of this invention control means are twisted, it 
is twisted based on iriformation, a grant means is controlled and torsion is adjusted during wire drawing even when torsion of the 
glass fiber at the time of a wire-drawing start differs from the desired thing, a desired glass fiber can be manufactured certainly 
and easily. 

[0079] In what is that to which a measurement means measures [ the 1st and 2nd ] the width of face of a glass fiber from 
measurement among the manufacturing installations of this invention, since not only the amount of torsion but the direction of 
torsion can be found and control means perform torsion regulation of a glass fiber accurately based on these information, a desired 
glass fiber can be manufactured much more certainly. 
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&ZK2 2<0IBIBUi, Afcttfctt, »gffl^2 0Rtf 
2 2O&tt3E^-1f3t^S*ffiBc0MIHS:*-rt)C0T* 

-So ^ - " "~ 

M3t«2 Ofttf 2 2ttft^#fafc»oTS;fc*te« (A 
[ 0 0 4"6] fc-SINf&J t CfcHTftSfflfiegg 20, 22 

<D^ti*'n-vmtis2nz>me>ffl7£.m&D 1 <t> tD2 
(t) tr*t, -"305i«JBiS«fc«kora-«rBf*«* 

^Stia«prailttL/v-C*«>*>&. *1>gaj5tS§ 2 2 # 
40 ^S»]S§g2 0 tH— ©*SKBB*nfc»^OlBflD» 
Jtfitt. D2 (t-L/v) T^£ft-5„ 

[0047] H4B. ytyr-iKMtom&m (nsm 
82 o©«£<bd i ( t) , -&mmmmM?z&2 2 

<DMfemD2 (t) , ^(i^M^ffiiEL^SWS 
g§2 2<OiB!J^fflD2 (t-L/v) T?**. 
[0 0 4 8] S4t'^$ns.k-5(C. Dl (t) tD2 
(t-L/v) t<Dm\Z\t. 1^62^65,!:^ 

50 m&at-rzt. nssi^s 2 0 ©tfe*7t©Rg»fiB 




( 6 ) 




mr. wettB&w.*) &m&mfflizmmTz>ytyy 

-f AOS $ v izm i> 6 , je 7 r -f A<D 5 % ^gffl'i 
MSB 2 0 <Z)W3tffifi*-&^ 3t7r-f ACQtttfiST 

LfcA*oT, Dl (t) iD2 (t-L/v) 
RILSUSfifiitt «/ (a • v) -eH£*l£o 10 

[0 0 4 9] 0 = 45^ L = 0. 3 

m, v=10 0m/»t*D, L/v = 0. 0 0 3»= 
0. 1 8 9T*2». t£oT, D2 (t-L/v) =D2 

(t-o. isfw *RtfLtt*vaao« 

[0 0 5 0] M40D1 (t) <©y^7{C*S*l*J:5 
(C, P#^fJ t = 0 . 0j&>SBSfflt=2. 2STOB» 

*aUn^#V^ 3t7r<A<7)IKH (03O»n6 8) <z> 20 

**-r^o ua>Lft**&, di (t) fc^t-ctt. *aDn 
[oosi] -eciT, D2 ( t - o. ism <D??y 

£#3IT<5o P#*9t=0. 

& 0 , a \zm It* £ ttifi^iBl£fitt/h$ < ft 

*Jt = 0. 0 T 0 = 0 tft5 u t *#*tn«?9 S^ft 
.fc^tC, *©«5effl[B«f*J t = 0 . 0*6^l^hS< 30 
&otI/jNabl:it*ttft»5 0 lfc*bT, 
7^©fcUftte. 1^6275^65^^5 

[0 0 5 2] «±££<h#£<h, 2 OfcJcS 

2 2^J:«aS«*<*IIIPO«iaiC*S<2:S, Tft^ffl 

#U 4ffl**&JLTl5ttEDT»£, 2sk> 2 
2fc«fcft««B©l*|B||»«ft*«ft-Cft*t*^ 40 

[0 0 5 3] H4*6, fiffi^ (*/ (a • 

v) ) =0. 1 1^T*S*6, <*> = 45S, v=10 
0m/»SfflH5t, 3t7T-r/^taUtl«a=*5l2 4 

[0 0 5 4] Wgi2 4H ^a«3£«2 0&IX2 2 
*JWftB2 4tctt, KjfiSnfc^r-f/WW-r^ft 

i;n^MWWfj?)AA^nti^ 0 ei»&B2 4 50 



<&M¥8 -2 7 7 1 3 9 
10 

[0055] *ii;n©a:^3t7T>f A*jBBTs»^fc 

[0 0 5 6] B5B, ^7XS^1 0 CDEIfeHU <h0e^ 
K43V>T*ft*fti65l $ *lfc3t 7 y «i A<£ 1 m^I$© 

[0 0 5 7] EUBffiW:, ftyy(rt<D&ttift\Z&>oT 

tocn&m*mmM\zmmvT&r). ytyy^n\z^ 

no ft v^jt y r <i mm % \z mm £ n & * 
[0058] mmvtevn&tt^znrzytyyi 
n^mmr^m^\z\t. «>fHD-70EiRii:«kt) 

[0 0 5 9] fctUn^^ftJjRJPl 4fiiJ 

*6^TBSffl-*toO"e*i9. ^una^i 9 8 OS, u 
it^fco c:<Dfei;n*iei<!:tai;nB&ai»«B2 4(ca 

4H «7XS«1 o^0^tfi:ti;^7 7-<A 
<Z)fcLUn*Rl^j»H»^l 4«*&^TRp«-StoOT* 

nit ffi t A* b^^a unit « fc S Jttt Lfc!B*a> 6 * 7 
x**f l 0£i^fh£;bDt;:S#3 0 0BCS*S«J;5l: 
^e-^ i 2%mffli>?t 0 

[0 0 6 0] H6tt Jt7T-<A*Otai;nA«Sr^7X 
m-e^nz>£o\zytyy<<n<D lm8fcD«P% 

5. 5iu^bT*50, 9faotai;n*«*i;fc3t7T-f/i 
e nt ^ 3&««b$ nfco 



( 7 ; 

n 

[0 0 6 1] "A\z, #5MH*Stt. SBfctttaUtiflMB* 

0*K«F«-*t)0«C«»3 0 OtHjfe^i^^J: 
[0 0 6 2] C5LT«JS*nfc3t77-f/^*aUnft 

<D&vtiffi£. i; fc y r -f rtifi% s nx ^ s c: <h *t»K 

[0 0 6 3] COct^^, **JS«©3£«^J:n«, ©J 

»gt2 4 «f iR3i $ n&3t y r -r unt»«** 
cncs^^t^-^ 1 2 ^iaLT^/7XS« 1 

[0 0 6 4] 5t7T-<Attlnl-»ttC0Bfffl*Wr 

&z>mmmt\z. tevn\z&&mfem<Dmmmt£g?£ 30 

[0 0 6 5] «<O«*«#»<Mt0> 1.01 «K±T» 

&#5xs#i o*«3imtf, 

1. 0 i«K±T*%*5^IKIIt6*3irsc:t5&«T* 

3 0 ^7XS«l 0C!)jPJI**iBMa*A«S5r«fSt. 

[0 0 6 6] *^jfi«lTtt, ^/7XS^i o^ffi^e^: 
Bli2 5mm, I/hBttl 5mmt»0, S^cfittft/h 
ffitOfil. 6 7fgT&oTl. 0 lfSK_bfcftoTV> 

u^7xs« 1 o<Dm%\\z<kK>mmistzyty7'i 

^(Dmom^mZ l 2 5 //iru g/hiBte7 5 /zmT& 
0, 1 . 6 7f8TftoTl. 0 1f» 

[0 0 6 7] ^Jg^J 2 
H7H ^JfiffJ^Jt^r^ASSlifiKfi^^-r^W^ 50 




12 

^f7xs« i o sehesi***-^ i 2 liRttsnt^ 

EI 7 <DjffiHf3Sittt— ¥ffi±TD-^@tett^«WW^ 
[0 0 6 8] 0 8te, »Hi^-r 6C0J§»I^^ 

■rsiTfeoT. in«npi 4»f,ifc¥S@TS^o s 
»rr«>- c(7)fi»n *h hd-7 4 6 tcffiowtsn 

[0 0 6 9] «i2 4H ^»S2 0W2 2 

<d m&r— 9 \z ^ xyt y 7 <i n®** 1; nm n & # 
56, ^ofei;n**i:i^TiBt*-f FD-74 60 

[0 0 7 0] **««Tfe, *»«lira*oje7r-Y 
AM7XS«10^ffl^ ^7XSWl 0*ft&fc*Fl 

4tCcto^j2 0 0 o < c<z>fiffiTjpS!ft»i»u, mzm&i 

0 0m/»T?«9l*tfoT3t7r-fA*»JS"r*. «5I 

nu Jgtt©*$**«7 5 //m^ffinft^^o CC0«, 

A^KrffitelS^J 2 5 0 wm^Hfi^o 
[0 0 7 1] *SUfiWT«, JSfttf-T HP-74 6£3r 

4 6C0jg«rtCJ:0, Tfc^T-f A*«#-f HD-74 2lzM 
[0 0 7 2] »J»««2 4{Ctt, »jfi$nfcJt^r-f^ 

toUn*ti;3ft:3t77'f/«**l:#5Ct^««. 
[0 0 7 3] fit±, *»WO**ftlS»IIBfc»?8U>t 

tfi. *%wte±%mmm\zmj£zn&hv>-x:m£<* m 

iftSS^. ||««ill©«»®«ffl ; E--^t*ia«l2«D« 



( 8 ) 




8-277139 
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[0074] *&, ytyr-i/mxyxmtfrzmtH-? 

[0 0 7 5] *16«TH:. --^©^gffl^gg^ffl 

at, ig-©fl.&8teg§£ffl<^ tai;n«s#»*/fttT 
JgO**^fe*v». M*.K, 3tf5****©BteiSnSW«H 
js«nTv»-B*««cit)Bf^*i*iKfai;no^i;fc3t7 
r^A**8®t?.i^i, 4aun«fc*i;Tisi«ag«* 

Ctta8E£tt3K:7r*n©»ffl»ttKJSUfc— JS©H» 

[0 0 7 6] Sfc, HSS0iJ-r«^7Xiji«lc7)-^i:UT 
[0 0 7 7] 

M5Ltt#&:ff5:aMi©*3l£fT3©T, RffMO^^X 

IWt*«**»o*iHcKi6r*ct*fc**. unci 
0, #5*lifl©JI*tt«»jh-r*c:fct>T*. Sfit^g 

[0 0 7 8] **MO*?XJWt©«i6«BK:J: 
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[0 0 7 9] 5 -feSUg^a^* 1 & 

tfSI 2 ©iO^ftfr e. 2f 7 xflfcit ©4i£iHiJ5gt" 3 fc ©t 

o, »«n^R#c*s©tf*fc*^»T;tf5*ira©ta 
io uniMfsaiifcfi 1 ^©^. — iut«fc»fa©^f7xii 

[0S©ffi#fcfBi?!] 

[01] **««©^5^«Mt©«jfi««**-r^<«)l 

fi&0-t?&£„ 

1132] #57.»tn OS^r-f A*©t0r®JIMK2r^ 
T0T&5,, 

(H 3 ] yty 7-r/t©(6i^ 20, 2 2 ©w 

5£:*rf6j £ ©K«£*-r -5 . 
[04] ft7Tf/X©*©»£tt (nStB^fil) ©Btffl 
20 »b^ty57T?*5. 

las] oomteffiiiae&icfc^T^n 

■fn^l^nfcJt^ T'f A© 1 m©SS©gB$Hc:oHT 
*a Cn#g?£«£ L fete****- y y v T* « . 

[0 6] Tt^r-r A®jai;nM*^7xsMi 0©® 

[07] *«m©ft7r*A«68B*jST£#*fi£ 

[08] J8I&#>f 4 6©ffift£jS-rg|T!&*. 

[«F#©KW1 

30 1 0-^5XiW. 1 14-ftJf!** 5 , 2 0 

2 2-*«W5£», 2 3 
0&tf3 4-3-5=- ^ yy?4 . 3 2M3 6-UV7 
>:/. 4 0. 4 2RD!4 4"^'fHD-7 > 5 0-#g 
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